Objective: The aim of this study was to evaluate the feasibility and safety of multimodal therapy for patients with non-superacute vertebral basilar artery occlusion. Method: We performed a retrospective analysis of multimodal therapy for patients with vertebral basilar artery occlusion. All patients who were beyond the time window to receive intravenous thrombolysis and who had deterioration of symptoms after drug treatment received smallballoon dilatation of the occlusive artery to estimate vascular occlusion aetiology. Thrombectomy with a Solitaire AB system was applied to the thrombus, and angioplasty with intracranial stents was used to treat stenosis. During the 3-month follow-up, National Institute of Health Stroke Scale (NIHSS) and modified Rankin scale (mRS) scores were recorded regularly. Results: We included 12 patients with a mean age of 60.4 (SD: 12.9) years. The average score on the NIHSS was 16.6 (SD: 11.6), and the average time from onset to admission was 95 h (SD: 121). The arteries were recanalized for all patients, but the degree of residual stenosis in the parent artery was 17.5% (SD: 20.1). During the follow-up period, one patient died of pulmonary haemorrhage and infection, and another patient died from haemorrhage related to high
Introduction
The basilar artery supplies most of the brain stem, thalamus and occipital lobes and part of the cerebellum. Patients with acute basilar artery occlusion can present with symptoms that vary from coma to quadriplegia, abnormal movements of the eye and pupil, dysphagia or sudden death. Approximately 20% of ischaemic strokes are caused by basilar artery occlusion [1] . Basilar artery occlusion is an infrequent and catastrophic disease that accounts for 20% of ischaemic stroke cases [1] . The mortality rate of basilar artery occlusion is up to 85-95% even with fibrinolytic and anticoagulant therapy if the artery is not recanalized [1, 2] . Though the outcomes of malignant middle cerebral artery occlusion are poor, with a mortality rate of 41-79%, basilar artery occlusion has a higher mortality rate [3, 4] . In 2009, the largest basilar artery occlusion data registry from the Basilar Artery International Cooperation Study (BASICS) showed that the mortality rate of patients receiving conservative treatment could be up to 54%, and only 3% of these patients had a good outcome. There was no significant increase in good outcomes after intra-arterial thrombolysis (IAT) and mechanical thrombectomy (MT) compared with conservative therapy [5] . Conversely, patients with a severe deficit (defined as quadriplegia, coma or locked-in syndrome) seemed to benefit from recanalization therapy, including intravenous thrombolysis (IVT), IAT and MT, with the absolute risk of death decreasing by 19 and 10%. Due to the low recanalization rate of IVT, IAT combined with MT or multimodal vascular recanalization therapy (combination of IVT, IAT and MT) is recommended for acute posterior circulation stroke patients within the therapeutic time window, but there is no clear recommendation for those beyond the time window for thrombectomy.
Methods

Population and Methods
This study was approved by the institutional review board of Medicine. Written informed consent was obtained from each participant according to institutional guidelines. From August 2012 to April 2016, we collected clinical data from 12 patients with non-superacute posterior circulation stroke in the Department of Neurology at Zhujiang Hospital of Southern Medical University. All patients presented with symptoms of acute posterior circulation ischaemia and presented to the hospital within 10 h to 2 weeks of symptom onset (average 93.5 h). Each patient underwent brain stem infarction. Among these patients, 3 patients also had cerebellar hemisphere infarction, 1 patient also had large-area brain infarction in the left cerebellum and vermis, 4 patients also had occipital infarction, and 2 patients were transferred to the hospital due to deterioration of symptoms after IVT therapy with recombinant tissue plasminogen activator. All patients were male, and their ages ranged from 41 to 77 (average 60.4) years. In addition, 11 patients had high blood pressure, 3 patients had diabetes, 1 patient had coronary atherosclerotic cardiomyopathy, 4 patients had a history of smoking, and 6 patients had hyperlipidaemia ( Tables 1 , 2 ).
All patients were diagnosed with intracranial double vertebral artery occlusion or basilar artery occlusion, using cerebral angiography in 12 patients, including 8 patients with basilar artery occlusion and 4 patients with double intracranial vertebral artery occlusion. Among the 8 patients with basilar artery occlusion, there were 4 patients who also had single vertebral artery stenosis or occlusion; compensation of the basilar artery from the anterior circulation was found in 1 patient, pial collateralization to the posterior circulation was found in 5 patients, and no collateral pathways were found in 2 patients. Angiographic findings revealed collateral pathways through the anterior spinal artery and the meningeal branch artery in 4 patients with double intracranial vertebral artery occlusion. Twelve patients had progressive deterioration of disease after onset. Baseline National Institute of Health Stroke Scale (NIHSS) scores on admission ranged from 7 to 40 (average 16.6) .
Because all patients were beyond the time window to receive IVT and because it was unclear whether there were fresh blood clots in the occlusive artery, we advanced a micro-guidewire and a micro-catheter through the occluded lesion to the distal normal vascular lumen. Then, the micro-guidewire was withdrawn, Characteristics of patients and the vascular occlusion site was determined via micro-catheter angiography. After expanding the occluded area with a small Gateway balloon (1.5 mm), we analysed the cause of occlusion based on the vascular appearance on micro-catheter angiography, the vascular resistance during balloon dilatation, and blood flow velocity and blood flow volume with or without filling defect after balloon dilatation. If vascular stenosis was observed, we gave priority to dilatation with a larger-diameter balloon, but we performed an emergency stent implantation when vessel dissection occurred or when the artery could not be recanalized during the operation. In addition, we performed a thrombectomy with retrievable stent placement when thrombosis was considered. One patient received only balloon dilation due to the large area of the brain stem infarct.
Thrombus extraction was applied using Solitaire AB stents in 8 patients. Only 1 patient received thrombectomy. During the operation, thrombectomy stents were released in 5 patients, balloon dilation followed by stent implantation was used due to occlusions caused by haematostenosis in 3 patients, an intracranial balloon-expandable stent (Apollo) and a self-expanding stent (Winspan) were simultaneously used in 1 patient due to long segmental arterial lesions, Apollo stents were used in 2 patients, and periphery stent (Hippocampus Invatec) and a coronary stent were applied consecutively in 2 patients complicated by extracranial vertebral artery stenosis. After the operation, the arteries of all patients were recanalized. The Thrombolysis in Myocardial Infarction (TIMI) score recovered to level 3 in 10 patients and to level 2 in 2 patients, NIHSS, National Institute of Health Stroke Scale. and severe residual stenosis was found in 2 patients. Postoperative residual stenosis of approximately 60% was seen in one patient who received only balloon dilation due to the large area of the brain stem infarct, and residual stenosis of approximately 50% was seen in another patient because balloon dilation had no effect on calcification of the parent artery. Residual stenosis of all the other patients was below 50% (average 15%) ( Tables 1 , 3 ) . After the operation, 1 patient died from a haemorrhage related to high perfusion, another patient died due to pulmonary infection 2 months later, and no complications were found in the other 10 patients. The NIHSS scores ranged from 0 to 25 (average 6.7) at discharge from the hospital. All patients took drugs regularly at home to prevent risk factors (PLAVIX 75 mg per day plus aspirin 100 mg per day plus Lipitor 20 mg per day). After 3 months of follow-up of the 10 patients, in-stent restenosis was revealed in 1 patient, no aggravation of restenosis was found in the patient who received only balloon dilation treatment, and stroke did not recur in any patients. The NIHSS scores of the 10 patients ranged from 0 to 25 (average 3.9). Two of the patients had poor outcomes due to the large area of the brain stem infarction, and their modified Rankin scale (mRS) scores were 3 and 4. The other 8 patients were able to live independently, and their mRS scores were 0 (4 patients), 1 (1 patient) and 2 (3 patients) ( Figs. 1-3 ) . 
Discussion
Kubik and Adams [6] first provided a detailed description of basilar artery occlusion in 1946. Approximately 60% of such patients experienced transient ischemic attack with aura: dizziness, nausea, headache and some more severe complications like quadriplegia and locked-in syndrome. Acute basilar artery occlusion has poor outcomes with a 90% mortality rate in the absence of treatment [7, 8] . It was stated that IVT has a limited effect on basilar artery occlusion, and the likelihood of mortality following IAT was 55-70% [5, [7] [8] [9] . Several studies showed that recanalization is the most important prognostic factor for good functional outcomes [10] . The multimodal reperfusion approach has been the first choice for acute basilar artery occlusion [11, 12] , and urgent recanalization could improve prognosis [5, 9, 10, 13] . In our study, all patients were clearly beyond the optimal time window to receive thrombolysis, and their symptoms worsened after urgent drug therapy. All the occluded arteries were recanalized.
The main causes of acute basilar artery occlusion are atherothrombotic occlusions due to local thrombosis on the basis of severe stenosis and embolic occlusion resulting from cardiac or arterio-arterial thromboembolism. Atherothrombotic lesions are found in approximately 26-36% of patients with acute basilar artery occlusion. Embolic occlusions account for approximately 30-35% of acute basilar artery occlusion cases and occur more often in the distal segment of the basilar artery [5, 7, 11, [13] [14] [15] . The Chinese population has an even higher prevalence of intracranial atherosclerosis than Caucasian populations [16] . The Chinese Intracranial Atherosclerosis (CICAS) trial evaluated 2,864 consecutive patients with cerebral ischaemia and found a prevalence of intracranial atherosclerosis of 46.6% [17] . Atherothrombotic occlusions are the more common cause of acute brain stroke instead of embolic occlusion. Remarkably, a longer duration since symptom onset increased operative difficulty and produced a higher operative risk [18] . No risk factors of cardiac embolism were found in all 12 patients. Arteriosclerosis, as revealed by angiography, was the cause of thrombosis in all patients. If stenosis led to vascular occlusion, direct thrombectomy with a retrievable stent was likely incomplete, made recovery difficult and also aggravated vascular endothelial damage. Therefore, we conducted a small-balloon expansion to block blood vessels and to determine whether the blocked areas induced vascular stenosis. After expanding the occluded parts with a small Gateway balloon (1.5 mm), we analysed the cause of the occlusion according to the vascular appearance on micro-catheter angiography, the vascular resistance during balloon dilatation, and blood flow velocity and blood flow volume with or without a filling defect after balloon dilation. If vascular stenosis was found, we gave priority to dilation of a larger-diameter balloon, but we implanted an emergency stent when vessel dissection occurred or when the artery could not be recanalized during the operation. In addition, we performed a thrombectomy with retrievable stent placement when thrombosis was considered. Stent thrombectomy was performed in 8 patients, including 1 patient who received only thrombus extraction and 7 patients who received thrombectomy stent implantation after thrombus extraction. Several special stents were placed in 5 patients due to the extended length of the occlusion lesion, including a balloon-expandable stent (Apollo) in 1 patient and a self-expandable stent (Winspan) in 4 patients. One month after the operation, one patient died from brain stem infarction complicated by haemothorax and serious pulmonary infection, and another patient died from hypertransfusion haemorrhage. Only 1 patient did not undergo stent implantation due to severe calcification of the occlusion site in the parent artery, with a degree of residual stenosis of 50% after balloon predilation. Another patient was treated with only smallballoon dilatation to decrease the risk of high perfusion because of the large brain stem infarct area and the short time since symptom onset (2 days). The degree of postoperative residual stenosis was approximately 60%. The postoperative blood TIMI of all patients recovered to level 2 or 3 (2 patients recovered to level 2, and the rest of the patients recovered to level 3).
In 2015, several published randomized studies reported that the Solitaire retrievable stent was safe for cases of acute ischaemic stroke complicated with proximal large artery occlusion of the anterior circulation and without massive cerebral infarction and improved functional prognosis compared to drug therapy [19] [20] [21] [22] . To date, there has been no study of posterior circulation occlusion. In the present study, we included 12 patients with non-superacute vertebral basilar artery occlusion; 2 of these patients died of postoperative pulmonary infection or hypertransfusion haemorrhage, and the average NIHSS score of the other 10 patients was 7.9 ± 8.7 at the time of hospital discharge. After 3 months of follow-up, the mRS scores of all patients were below 2 (average 1.3 ± 1.4), and the average NIHSS score in 8 patients was 3.9 ± 7.9. Postoperative restenosis was found in only 1 patient, and this patient had high-grade residual stenosis. There was no recurrence of ischaemic events during followup, and the longest follow-up duration was 2 years.
For patients with large artery occlusion in the posterior circulation, especially vertebral basilar artery occlusion, the medical condition may worsen even if urgent drug therapy is administered. Multimodal artery recanalization can be attempted even if the onset time exceeds the time window for thrombectomy. This study has inherent limitations due to the small number of patients from a single centre, and further prospective studies and controlled studies should be conducted to verify the effect and safety of multimodal artery recanalization in the acute stage.
